A ntidepressant drugs are associated with many gastrointestinal side effects (1) . Depending on the severity of these effects, treatment may be initiated with medications that suppress the production of gastric acid, thereby adding to the cost and complexity of antidepressant therapy (2, 3) .
There are biologically plausible reasons to suspect that antidepressants may be associated with an increased risk of gastric bleeding; mild disruptions in serotonin-mediated platelet aggregation induced by antidepressants could contribute to gastric bleeding (4, 5) . Consistent with this hypothesis, 2 large database studies have detected a modest increase in the risk of upper gastrointestinal bleeding among individuals taking SSRIs. These studies have also identified factors that may exacerbate the risk of gastric bleeding when combined with antidepressants, including type of antidepressant, concomitant medications, and age (6, 7) .
Although the aforementioned studies strongly suggest an increased risk of gastric bleeding among individuals taking SSRIs, little information is available to describe the use of GARs in this population, particularly among users who are not elderly or who may not be captured in the previously studied databases. Since all antidepressants can potentially cause gastric side effects, the overall use of GARs may be more common than once thought. Because gastric pathology does not necessarily correlate with the severity of reported symptoms (8, 9) , a detailed survey of GAR use among individuals taking antidepressants may also provide valuable clues to the true impact of serotonin-mediated gastric side effects.
The objectives of this study are to determine whether the prescription of GARs is more likely to occur among generally healthy users of antidepressants and to determine whether GAR use rates differ among antidepressant classes. We also aim to identify predictors of GAR prescribing among antidepressant users.
For a controlled evaluation, we compared GAR use by antidepressant users to use by consumers of salbutamol. Salbutamol was used to define the control group for several reasons, including practicality: salbutamol is frequently used in our population (for example, for exercise-induced asthma), allowing us to obtain a control group of a reasonable size. Salbutamol is also usually inhaled, a method of administration not typically associated with significant gastrointestinal side effects (10, 11) , and is therefore not expected to unduly influence our results.
Methods

Study Design
We performed a retrospective cohort study using pharmacy records. This study was submitted to, and received approval from, the Ottawa Hospital Research Ethics Board.
Subjects and Database
We created a database using data from both CF pharmacies and nonmilitary (that is, civilian) pharmacy sources between June 1997 and November 2002. The database includes information on all medications (both nonprescription and prescription) processed through a CF pharmacy, as well as those medications processed through nonmilitary pharmacies according to a CF-specific drug reimbursement program.
The cohort population comprised CF members who received at least one prescription for an antidepressant. Antidepressants were classified as follows: SSRIs (that is, citalopram, fluoxetine, fluvoxamine, parotexine, or sertraline), tricyclic or heterocyclic antidepressants (that is, amitriptylline, clomipramine, desipramine, doxepin, imipramine, maprotiline, nortriptylline, or trimipramine), other nonspecific antidepressants (that is, bupropion, mirtazepine, nefazodone, or trazodone), irreversible monoamine oxidase inhibitors (that is, phenelzine or tranylcypromine), reversible inhibitor of monoamine oxidase (that is, moclobemide), or serotonin-norepinephrine reuptake inhibitors (that is, venlafaxine). Individuals who received bupropion for smoking cessation alone (that is, as the Zyban formulation) were excluded from the analysis. The control group comprised all CF members to whom one or more prescriptions for salbutamol were recorded and who were not also receiving an antidepressant.
Definition of Case Exposure and Outcome
A new period of exposure, either to an antidepressant or to salbutamol, was defined as a course of treatment lasting at least 29 consecutive days following an initial washout period of 90 days. A 30-day nonuse interval was used to distinguish between 2 separate exposures to the same antidepressant. Duration of exposure was defined from the initial dispensing date to 30 days following the last day of treatment as indicated on the prescription. Consecutive exposures that occurred within 30 days of each other were considered a single The number of incident prescriptions of GAR was the primary outcome measure in this study. This was defined as a new prescription of a GAR lasting at least 30 consecutive days that occurred within 12 months of the initiation of either salbutamol (in the control group) or an antidepressant (in the case group). Thus GAR prescriptions that either predated drug initiation by more than 12 months or that occurred more than 12 months after drug initiation were not analyzed.
Data Analysis
We calculated ORs using numbers of new GAR prescriptions recorded pre-and postexposure for both antidepressant and salbutamol users overall. These ORs were compared to determine whether GAR use was more likely to occur among patients prescribed antidepressants as opposed to salbutamol.
Incident rates of GAR prescriptions were calculated for salbutamol and antidepressant users as the number of new GAR prescriptions recorded during a period of interest, specifically preexposure (that is, prior to initiation of antidepressant or salbutamol) or postexposure (that is, following initiation of antidepressant or salbutamol). The postexposure period was further subdivided into a short-term exposure period, covering the first 4 weeks following processing of the prescription (that is, Days 1 to 28), and a long-term exposure period, covering the days following up to 12 months later (that is, Days 29
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Further calculations were made by subgrouping all users of antidepressants, users of specific classes of antidepressants, and users of salbutamol. We estimated relative risk for incident GAR prescription using a ratio of incident prescription rates. We evaluated statistical significance and precision using 95%CI.
To produce adjusted estimates of the relative risks, we performed multiple logistic regression analysis using subjects= age, sex, and concomitant gastric irritant medications as covariates. We analyzed concomitant medications, including antiplatelet agents, antithrombotic agents, oral corticosteroids, biphosphonates, and NSAIDs. NSAIDs were further subanalyzed as either nonselective agents or COXIBs.
Results
We identified a total of 5588 antidepressant users (cases) and 3059 salbutamol users (control subjects). In the group exposed to antidepressants, the mean (SD) age of subjects was 33.6 (6.9) years; 76% were men, and most (72.2%) were aged between 27 and 41 years. Demographic characteristics were similar in both the exposed and control groups (data not shown). Of the antidepressant users, 1966 (35.2%) consumed at least one concomitant medication of interest.
There were 8722 exposure periods identified for any antidepressants and 9974 exposure periods identified for separate categories of antidepressants (that is, 1102 exposures occurred in patients who were not antidepressant-naVve) among members of the exposed group. Most exposures (41%, n = 4089) were to SSRIs. This category also presented with the longest mean duration of exposure (Table 1) .
We identified 388 incident GAR prescriptions (4.45% of all exposures) in the post antidepressant exposure period, compared with 58 such prescriptions (1.4%) in the same period for salbutamol users (Figure 1) . A negligible number of postexposure GAR prescriptions were initiated concurrently with either salbutamol or antidepressants. Most new GAR prescriptions, however, were initiated after 29 days of therapy (71%, 274 of 388 of antidepressant users, compared with 81%, 47 of 58 of salbutamol users).
Among both salbutamol and antidepressant users, the number of new (incident) GAR prescriptions decreased following initiation of drug therapy (Figure 1 ). The rate of decrease was greater, however, for indiduals who received salbutamol, compared with those who received antidepressants (OR 1.38; 95%CI, 1.12 to 1.71; P = 0.03; Table 2 ).
Further analysis of the incident rates of GAR prescription also demonstrates an increased risk for antidepressant users, with OR 4.93 (95%CI, 2.66 to 9.21; P < 0.001) in the short-term, and OR 2.83 (95%CI, 2.05 to 3.9; P = 0.001) following long-term use. The classes of SSRIs, tricyclic or heterocyclic, and other nonspecific antidepressants (that is, trazodone, nefazodone, bupropion, and mirtazepine) were associated with significantly increased risk of GAR use, both in the short-and long-term (ORs ranging from 3.53 to 5.58 and 2.25 to 3.10 for short-and long-term exposure, respectively). This analysis also identified the concomitant use of antiplatelet agents, bisphosphonates, oral corticosteroids, and NSAIDs as predictors of GAR use among antidepressant users, both in the short-and long-term, following antidepressant initiation (data not shown). Use of COXIBs was also a significant predictor of GAR prescription only, but among individuals who received more than 4 weeks of treatment. This risk was significant only in the short-term following antidepressant initiation (OR 2.42; 95%CI, 1.17 to 5.01; P = 0.017).
Association Between Antidepressant Use and Prescribing of Gastric Acid Suppressants
Discussion
This database study was designed to evaluate the patterns of use of gastric acid suppressants in a generally healthy population of antidepressant users. Despite a relatively short observation period, we detected an increased risk for GAR use among users of antidepressants, compared with users of a gastrically neutral control drug, salbutamol.
Comparison With Existing Literature
The results of this study are consistent with those previously reported. In the database studies of de Abajo and van Walraven, a modest increase in risk of gastric bleeding was identified among SSRI users (6, 7) . More recent studies evaluating the gastric effects of SSRIs, in particular, have also detected similar increases in risk (12, 13) . Owing to the nonspecificity of our marker of gastric bleeding (that is, GAR use), we obtained larger ORs that likely reflect the greater sensitivity of our marker for milder gastric disturbances, in addition to more serious gastrointestinal pathology.
The participants in our study also differ substantially from those in the reports cited above. In contrast to the population-based databases used by the above authors, our database consists primarily of currently serving military personnel who are younger and healthier than the general population. The identification of an increased risk for GAR use in our study population strongly suggests that the gastric side effects of SSRIs may be more substantial than previously thought, particularly because this association remained significant even after adjusting for age, sex, and concomitant medication use.
The results of our study remain robust when the characteristics of our control group are more closely scrutinized. Because asthma may present with symptoms similar to reflux (that is, retrosternal chest pain), a masking effect was possible. The finding of an increased risk of GAR use in the antidepressant consumers, despite similar potential for such increased use among the asthmatic control group, suggests that the increased risk is associated specifically with antidepressant use.
In our study, the SSRIs had the highest adjusted association with increased risk for GAR use among all classes of antidepressants represented in our study population. However, the increase in absolute risk, although definite, was small; initiation of any antidepressant was associated with only 3.05% increased incidence rate for GAR use overall, compared with salbutamol. Although the differences in risk between the antidepressant categories were not significant, they are consistent with other reports. Of note, TCAs were also associated with an increased risk for GAR use in our study. These results are contradictory to the results of de Jong (12) and Dalton (13) , although their results may be attributed to the small number of observations recorded. We were also unable to detect a predictive effect of age on risk of GAR use, likely owing to the relatively limited age range of our study population, compared with other populations studied to date. We also found that concomitant medications have an independent effect on risk of GAR prescription. Because we analyzed the COXIBS separately from the nonselective NSAIDs, we were unable to detect a uniformly increased risk of GAR prescription in this subgroup of antidepressant users. It is not clear whether this difference in risk profile is owing to a true gastroprotective effect of the COXIBs or to the relatively small number of users of such drugs. Consistent with the literature, we also identified an increased risk with other medications known to contribute to gastric bleeding, specifically, antiplatelet agents, corticosteroids, and NSAIDs. These observations warrant particular attention since they suggest that careful consideration should be given to concurrent treatment with antidepressants, even in younger patients who are free of preexisting gastric illness.
Study Limitations
Despite the use of multiple logistic regression models, which allow statistical adjustment for age, sex, and concomitant medications, this study possesses the same weaknesses as all database studies: we are unable to establish a definite causal relation between exposure and outcome. Although adjustment for concomitant medications can help minimize the potential effect of other agents on the risk of bleeding, it cannot serve as an adequate adjustment for morbidity. In our case, the increased risk detected may reflect an increased risk for gastric symptomatology among patients with psychiatric conditions (14, 15) , compared with patients with respiratory illness alone. Antidepressants are also frequently used to treat various nonpsychiatric illnesses, including chronic pain conditions (16, 17) and migraine headaches (18) . These conditions often provoke the use of certain analgesics (for example, opioids and anticonvulsants) that may themselves cause gastric disturbances. Although our salbutamol control group did not differ demographically from the group of antidepressant users (data not shown), we were unable to fully control for medical conditions and other factors that may predominate in one group. This explanation is consistent with the higher rate of GAR use prior to treatment initiation, which was observed in the antidepressant group.
We were also unable to evaluate nonmedicinal factors that are known to contribute to gastric disturbances, such as alcohol use. Given that substance use disorders, including alcoholism, occur more frequently in those with psychiatric illness, the increased use of GARs in the antidepressant cohort is not unexpected. Our results may reflect this comorbidity and not an increased risk of gastric bleeding or reflux from antidepressant therapy per se.
Owing to the nonspecificity of GAR prescribing as a marker for gastric bleeding, from our study results, it is impossible to determine whether antidepressants are truly associated with gastric bleeding. However, given the significantly increased use of GARs in the antidepressant user cohort, it is possible that the gastrointestinal side effects from antidepressants (which can contribute to the use of GARs) far outweigh the risks of gastric bleeding, particularly in our young and relatively healthy population.
Conclusion
Use of an antidepressants was associated with an increased rate for new GAR prescription, which may reflect an increased risk for gastrointestinal side effects. This association remained significant after adjusting for age, sex, and use of concomitant gastric irritants. These results suggest that prescription of antidepressants should be undertaken with due consideration of the added risk of gastric bleeding and significant gastroesophageal reflux disease, even among young, generally healthy adults without significant comorbidity. 
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